ABSTRACT
INTRODUCTION
Artificial insemination (AI) has quickly become one of the most effective tools to accelerate the genetic improvement of beef and dairy cattle herds. It allows the selection of desired characteristics through the use of proven bulls. The development of estrous synchronization protocols allows insemination of the without the need of heat detection, contributing to the widespread use of AI in beef cattle operations (Dobbins et al. 2009 ). The use of estrous synchronization protocols maximizes the use of time, labor and financial resources, and it increases the uniformity of the calf crop and shortens the breeding season (Dahlen et al. 2003) . In the past 20 years, several synchronization protocols for FTAI have been developed. Pursley et al. (1998) developed the ovsynch protocol (administration of GnRH on day 0, followed prostaglandin F 2α day 7 and GnRH again on day 10 and FTAI 16 hours later) whereas Geary and Whittier (1998) established the Co-Synch protocol. The Co-Synch protocol calls for an injection of gonadotropin releasing hormone (GnRH) on d -10, prostaglandin F2α (PGF2α) on d -3 and GnRH with FTAI 48 to 72 h later. An efficient hormonal protocol for FTAI must synchronize the follicular wave in order to obtain a ovalation in a predetermined time. GnRH administration is induced from the pituitary the pre-ovulatory peak of LH within 2 to 4 h and ovulation within 24 to 36 h (Smith et al. 2012) , depending on the developmental stage of the follicle (Geary et al. 2000; Atkins et al. 2008) . Today, most protocols for FTAI include the use of intravaginal implants of progesterone (P4), PGF2α (IM) and GnRH (IM), which may achieve the pregnancy rates similar to conventional AI (Viana et al. 2008) , without observation of estrus, providing less labor and animal stress (Geary and Whittier 1998; Lamb et al. 2001 Lamb et al. , 2006 Walker et al. 2005b) . The use of the eCG in cows on d 8 after the follicular wave has been synchronized with EB, results in a larger and more mature follicle. This improved the synchronization of ovulation, increasing the pregancy rate at FTAI helped by the GnRH administration (Sá Filho et al. 2010) . The pregnancy rate with FTAI can decrease substantially if follicles, which have not yet reached the ideal size, are induced to ovulation by GnRH. However, this can be avoided if eCG is administered at the time of P4 removal (Small et al. 2009 ). Injections of eCG and PGF2α on the day of P4 removal promotes greater growth of the preovulatory follicle and ovulation, mainly in the cows with lesser BCS. Protocols utilizing P4 intravaginally, GnRH and PGF2α, induce estrus in a large percentage of animals between 48 and 60 h after P4 implant removal (Schmitt et al. 1996; Martinez et al. 2002) , improving the fertility of animals synchronized. The application of GnRH with FTAI may be an option to increase the fertility rates in beef herds (Walker et al. 2005a ). Routinely, GnRH has been used intramuscularly to induce the ovulation when working with FTAI (Smith et al. 2012) . Estrous synchronization protocols for FTAI, involving GnRH at 48 h after the application of PGF2α, induce LH preovulatory pulses, which assist the ovulation of the dominant follicle (DF) and define the best time for AI (Fernandes et al. 2001; Dahlen et al. 2003) . Using FTAI, higher pregnancy rates (57.1%) were observed when administered the GnRH at 54 h after the removal of P4 plus PGF2α when compared with the same protocol without the application of GnRH (48.7%) (Twagiramungu et al. 1995) . Dahlen et al. (2003) reported that the animals submitted to CO-Synch protocol without GnRH demonstrated pregnancy rates 17% lower than the animals treated with CO-Synch protocol + GnRH, concluding that the additional cost of hormone would be compensated by higher pregnancy rate. Barros et al.(2000) reported that the administration of GnRH (intramuscular) accelerated the ovulation by about 30 h, resulting in ovulation within 12 h of GnRH administration. The use of GnRH on the day of FTAI after previous use of P4 implant and eCG (IM) increases the pregnancy rates in the pluriparous cows because eCG assists the growth of larger follicles and GnRH synchronizes the ovulation (Drost and Thatcher 1992; Peters 2005; Small et al. 2009 ). GnRH administered intramuscularly can induce the pulses of LH after 1 h in 75% of animals to better synchronize the ovulation of developed follicles (McLeod et al. 1991; Yavas and Walton 2000) . Routinely, GnRH administration in the CO-Synch protocol has been given intramuscularally (Small et al. 2009; Sá Filho et al. 2010) . There are few studies on the use of GnRH intravenously in cattle. Lapwood and Wilson (1978) reported studies of GnRH injected intravenously in sheep, resulting in rapid rise in LH concentration in the blood plasma, with the first peak before 90 min. Homeida et al. (1991) reported the intravenous administration of 50 mg of GnRH in camels injected every 2 h, resulting in 75% of estrus in the treated animals with significant increase in LH concentrations and ovulation. Grasseli et al. (1993) administered continuous intraveniously GnRH in prepubertal heifers, resulting in rapid release of LH preovulatory peaks after 2-4 h. Bas et al. (2012) administered GnRH via intramuscular and intrauterine observing no differences in the ovulation rate between the two groups of dairy cows. This study hypothesized that the intravenous administration of GnRH would result in larger and faster peaks of GnRH than the intramuscular application, not only because the absortion would be better and faster, but also concentration in the target organ would be higher. Based on this hypothesis, the aim of this study was to evaluate the pregnancy rates in the crossbred beef cattle (Nellore x Tabapuã) submitted to the P4 protocol for 8 days, PGF2 alpha and eCG, plus GnRH intramuscular or intravenous administration at FTAI. Edmonson et al. 1989) were measured in April, outside of the reproductive season. The animals were kept on pasture (Brachiaria decubens and Brachiaria brizantha) and mineral and water were supplied ad libitum. Cows were randomly divided into two groups (G1 and G2) of 60 animals each and submitted to hormonal protocols (P4 + BE at d 0 and P4 removal + PG + eCG + BE at d 8) and GnRH + FTAI 54 h after (Fig. 1) . The difference between the groups was the site of administation, intramuscular or intravenous, of GnRH. Group 1 received on the day of FTAI a dose of 0.084 mg of buserelin acetate (GnRH) intravenously (Vena caudalis) and G2 the same dose of GnRH intramuscularly in the Longissimus dorsi muscle. Forty days after the FTAI, pregnancy diagnosis using ultrasonography (Aloka SSD-500v Ultrasound ®, 5-Mhz, Japan) was performed.
MATERIALS AND METHODS

Protocols
The animals of both the groups received an intravaginal device containing progesterone (0.558 g, Cronipress ® Monodose, Biogenesis Bagó, Curitiba-PR) and an injection of estradiol benzoate (estradiol benzoate, 2.0 mg Bioestrogen ®, intramuscular) on day zero. On d 8, P4 was removed and animals received a dose of PGF2alpha (d-Cloprostenol, 0.15 mg, Croniben ®, intramuscular), a dose of estradiol benzoate (1.0 mg, intramuscular) and a dose of 400 IU of eCG (Novormon ®, Intervet, Sao Paulo) intramuscularly. Fifty-four hours later, G1 received an injection of GnRH (Buserelin acetate, 0.084 mg, Sincroforte ®, intravenously) and G2 recieved the same dose (intramuscularly), before the FTAI (Fig. 1) . AI was performed by an artificial insemination certified technician, using frozen semen from the same bull (Nelore Mocho). The semen was from the Central Artificial Insemination, packed in 0.25 ml straws and stored in liquid nitrogen canisters. The thawing of the semen was performed in a water bath type electronic semen defroster (Cryofarm ®, Italy) for 30 seconds at a temperature of 37˚C. The semen deposition was in the uterine body, following the instructions of the Manual for Andrology and Evaluation of Animal Semen (Manual for Andrology and Animal Semen Evaluation, 1998).
Statistical analysis
Data were analyzed using the procedure FREQ of SAS (SAS Inc, Cary, NC, 1996) . The level of significancy was 5% (p<0.05).
RESULTS AND DISCUSSION
As displayed on Table 1 , there was a significant difference in the pregnancy rate, which favored the group that received intravenous GnRH (65.0% versus 46.6%) of the intramuscular group (P = 0.04). The Co-synch protocol has earned better acceptance among the users when an intravaginal progesterone device was added, making it a good alternative for the synchronization of estrus in beef cows (Lamb et al. 2012) . Busch et al. (2008) tested the protocol CO-Synch + CIDR in beef cattle, getting 61% pregnancy rate applying the GnRH + FTAI at 54 h after P4 implant removal. In the present study, the animals were submitted to a protocol GnRH + FTAI applied at 54 h after P4 removal, varying however, the form of adminstration. Traditionally, the GnRH is administered intramuscularly (Atkins et al. 2008 ). But in this study, one group of animals received GnRH intravenously. In this case, the hypothesis was that G1 (intravenous GnRH) could improve the pregnancy rate when compared and confirmed with G2, based on the difference of pregnancy rate (65.0% versus 46.6% respectively) (P<0.04) between the groups. Literature about the application of GnRH intramuscularly for the purpose of inducing ovulation is plentiful (Pursley et al. 1998; Geary and Whittier 1998; Barros et al. 2000; Dobbins et al. 2006; Busch et al. 2008) , but data supporting the intravenous administration, especially in the bovine is lacking (Graselli et al. 1993 ). Lapwood and Wilson (1978) administered intravenous GnRH in sheep observing rapid and marked LH elevation in the plasma within 15 to 20 min. Camels received GnRH intravenously had 75% of ovulation (Homeida et al. 1991) . Due to the scarcity of the studies about intravenous GnRH, it became difficult to compare the present findings and those of other researchers. The pregnancy rate of G1 in this study was higher than that obtained by Busch et al. (2008) (61.0%) when applying GnRH (IM) + FTAI at 54 h after the withdrawal of P4. The difference between the groups of cows in this study that received the GnRH intravenous and data from Busch et al. (2008) (intramuscular GnRH), was more related to the method of application of GnRH on the day of FTAI and the application of ECG on d7, along with intravenous GnRH, positively influenced the results. The intravenous GnRH would be more efficient to induce faster and more punctual effects on the ovulatory follicle (OF), improving the rate of pregnancy. This became clear in this study comparing the two groups. The hypothesis was that the intravenous GnRH acted more efficiently on the OF, decreasing the time of interval between the application of GnRH and ovulation, accelerating the final maturation of the OF, providing an "optimum time" of fertilization of gametes in oviducts, reinforcing reports of Dalton and Saacke (2007) that AI should be performed at to the ovulation time, but not too late so that the oocyte becomes too old. Barros et al. (2000) , in a study of Nellore cows, reported that the administration of GnRH (intramuscular) 24 h after the application of prostaglandin F 2 alpha (day of P4 removal) synchronized the ovulation within 12 h when compared with the animals that had not received GnRH. Smith et al. (2012) reported that from 2 to 4 h after the application, the GnRH induced the release of ovulatory surge of LH and ovulation occurred within 25 to 30 h (after the release of LH). As the oocyte has a viability from 8 to 10 h in the oviduct and sperm remain viable for 18 to 20 h (Smith et al. 2012) , the administration of GnRH will most efficientty assist the synchronization of ovulation. In this case, the use of intravenous GnRH might have provided an improved synchronization of ovulation, increasing the pregnancy rate at FTAI corroborating the report of Sá Filho et al. (2010) . Another relevant factor in the study was that this was conducted during the out of breeding season (April), when the grasses were poorer in nutritional content and the rainfalls were scarce. In addition, the cows in this experiment were calved in January. To avoid calving this late, they remained open until the next breeding season (October-November) and all were subjected to the protocol for FTAI. This showed good results considering the pregnancy rate, because the cows already had some difficulties to become pregnant in the previous breeding season. Also in this case, the intravenous administration of GnRH might have better influenced, releasing the pre-ovulatory peak of LH on the synchronization of the ovulation (Smith et al. 2012 ) in a larger number of animals than on the intramuscular group. It was concluded that the intravenous administration of GnRH increased the pregnancy rate of the animals at FTAI when compared with the cows that received intramuscular GnRH and also saved the time of animal management.
